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Summary. Portacaval anastomoses were performed in the
rat to study urothelial carcinogenesis in this model and the
promoting effect of dietary tryptophan. We were unable
to produce any urothelial cancers or premalignant changes;
some animals formed uric acid stones and developed
papillary hyperplasia in the bladder. We conclude that the
initiating carcinogen is likely to be exogenous and may be
dietary in those experiments that have produced urothelial
cancers.
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Introduction

The portacaval anastomosis (PCA) in the rat has been used
to study the pathophysiology of several different organs
since a reliable microsurgical technique was developed by
Lee and Fisher [9]. The first report that PCA produced
changes in the urinary tract was made by Herz et al. [7]
who showed that rats developed uric acid calculi and the
defect in uric acid metabolism was investigated by Lauter-
burg et al. {8]. Heine et al. [6] first reported that all rats
subjected to PCA developed hyperplastic and dysplastic
changes progressing to invasive carcinoma in both upper
urinary tracts and bladder. This has been repeated by other
workers [2,4, 5]. Grun et al. [5] showed that modifying the
procedure to leave only the pancreatico-duodenal vein
supplying portal blood directly to the liver prevented both
hyperplastic and neoplastic changes developing in the uro-
thelium, All the above studies used only male rats.

In our preliminary experiments [10] we showed that
female rats did not develop uric acid calculi and neither
male nor female rats developed urothelial carcinomas. This
study was terminated at 40 weeks. Areas of papillary hyper-
plasia were found in the bladders of those male rats with
calculi. This study was therefore repeated using male rats

with added tryptophan to the diet to act as a tumour pro-
moter as has been described following the induction of uro-
thelial cancers in the rat by Acetylaminofluorine [3] and
FANFT [1].

Materials and Methods

Male specific pathogen free Sprague-Dawley rats were bought from a
commercial supplier (Siiddeutsche Versuchstierfarm, Tuttlingen).
The animals were operated on at a weight of 250—400 g using
fentanyl-fluanisone anaesthesia supplemented by ether. A com-
plete end-to-side anastomosis was performed using an operating
microscope and the portal vein was divided above the pancreatico-
duodenal vein which was also routinely divided. Eighty rats were
operated on with an operative mortality of six (7.5%).

Fifty-four rats were then fed on a standard laboratory diet
(Altromin 1324) and 20 rats were fed on the standard diet with
2% added DL-tryptophan. Thirty rats had a laparotomy only and
were fed on standard diet and five rats had a laparotomy only and
were fed on the added tryptophan diet. The animals were housed
under standard conditions and allowed tap water ad libitum.

The animals were sacrificed at one year and the bladder was
distended with 10% buffered formalin and excised. The bladder
was transilluminated in order to detect the presence of stones or
sand before being bisected and examined under a dissecting micro-
scope. The bladders were then sectioned and stained for light micro-
scopy.

Results

The survival of the animals with portacaval anastomoses is
shown in Fig. 1. 88% of the animals with PCA alone died
before one year whereas only 30% of the animals with the
PCA who were fed on the tryptophan diet died within one
year. All PCA animals showed a weight loss of at least 10%
during the first month. None of the animals whose weight
dropped to below 60% of the operative weight survived one
year. The animals in the PCA alone group who survived one
year had a mean body weight at sacrifice of 105% of the
operative weight (range 76—145%) and the tryptophan
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Fig. 1.

group had a body weight of 102% (range 77—123%). All
the control animals survived with a mean weight gain of
180% (range 145--278%).

At post-mortem examination all the portacaval anasto-
moses were patent and there was no evidence of a collateral
circulation developing to the porta hepatis. There was no
evidence of tumours or stones in the upper tracts of the
PCA animals. In the PCA alone group 4 animals had bladder
stones and 4 had sand in the bladder. 4 of the controls had
stones in the bladder and none had sand. Chemical analysis
of the stones showed that they were ammonium hydrogen
urate.

One PCA alone animal and 3 PCA tryptophan diet ani-
mals had tumours visible in the bladder under the dissecting
microscope. All these tumours occurred in association with
bladder stones and on microscopy were papillary hyper-
plasias with no evidence of any dysplasia or invasion. In-
flammatory changes were also present in the submucosa.
No tumours were seen in any of the control animals (Table 1).

Discussion

Uric acid lithiasis and urothelial carcinogenesis were both
incidental findings during long term experiments with the
PCA in the rat and were not reported until 11 and 18 years
after the model was first described. The mechanism of uro-
thelial carcinogenesis in this model may be either the failure
to inactivate carcinogens in the diet or the endogenous
production of urothelial carcinogens as a result of the
widely disordered metabolism in the rat following PCA.
It is important that the mechanism of urothelial carcino-
genesis in this model is understood as the rat is widely used
to study experimental urothelial carcinogenesis and for
testing various therapeutic modalities. Portacaval shunting
procedures are also performed on children and young adults
with good long term survival though there are not as yet
any reports in the literature of urothelial cancers occurring
in such patients.

Table 1.

Controls PCA

Normal Trypto- Normal Trypto-
diet phan diet diet phan diet

n=30) (n=3) n=54) (n=20)
Bladder stones
and sand 2 2 R 11
Hyperplasia 0 0 1 3

In our experiments we were unable to reproduce the
results of Heine et al. [6], Duy et al. [4] or Dubuisson et
al. [2]. The striking difference is that those workers who
have produced tumours have reported that tumours occur
in all animals that have survived for one year and pre-
malignant changes are apparent after only four months.
We have not found any pre-malignant changes after one
year and the papillary hyperplasias that we saw were
thought to be reactive in association with bladder calculi.
The operative techniques appear to have been exactly the
same and the histological effects on the liver were similar
to those seen by Heine (personal communication). All
groups have also observed a high incidence of uric acid cal-
culi. The strain of rats used has been different; the diets
used by Heine et al. [6] and Dubuisson et al. [2] were of
Altromin but its composition may have varied as the ex-
periments were carried out at different times and places.
It therefore seems likely that an exogenous initiating car-
cinogen which was present in some experimental systems
but not in ours could account for the finding of urothelial
cancers in nearly all animals in the above experiments and
no evidence of any urothelial cancers in our study.

Grun et al. [5] showed that preneoplastic and neo-
plastic changes could be prevented by a modified shunt
which left the gastroduodenal vein intact supplying some
blood to the liver. Renal bile acid excretion was the same
in both groups and it was concluded that bile acid excre-
tion was not related to the development of urothelial can-
cers. None of the animals in our series had the gastroduo-
denal vein left supplying blood to the liver.

The addition of tryptophan to the diet did not have any
detectable initiating or promoting effect. The markedly
improved survival in this group has not been explained and
may merit further study.

The PCA in the rat is therefore an unreliable method of
producing urothelial cancers which results in a high morbi-
dity and mortality. Further study can only be recommend-
ed for those centres that have already been able to produce
urothelial cancers and to study in particular the role of exo-
genous dietary carcinogens.
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